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Abstract- This paper presents a simple biosensor for observing the dissolved oxygen (DO) production in 
water. The measuring process is implemented using the biochips G connected with a biosensor module 
and electronic circuit to detect the changes of dissolved oxygen in real time measurement.  Initial test 
was completed to observe the biochip response to the different oxygenated water solution.  A light and 
dark experiment with ON/OFF phase of 20 minutes illumination period was realized to stimulate the 
green algae Chlorella vulgaris photosynthesis process to DO rate. The results show Biochip G using 
algae Chlorella vulgaris  response to environmental changing conditions  in  the  form  of  relationship  
between  output voltage  and  DO rate the solution. 
 
Index terms: Biosensor, Algae Chlorella vulgaris, Dissolved Oxygen, Real Time Detection, Biochip G. 
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I. INTRODUCTION 
 
Water pollution is defined to be the presence of excessive amounts of a hazard (pollutants) in 
water in such a way that it is no long suitable for drinking, bathing, cooking or other uses. For the 
people's lives along the river in Riau Province, water is an important part and also as one of the 
natural resource for municipal. The water pollution or natural catastrophe will affect the 
economic development opportunities in the state of the surrounding area and is indicated as water 
quality declines to a certain level that impairs safe usage [1,2]. One source of the water pollution 
is from palm oil industries which generate wastewater containing oil and very high organic 
material. Water pollution can be measured by monitoring the level of DO contained within a 
sample. This parameter is frequently used to evaluate the water quality on different water basins 
and river and is strongly inﬂuenced by a combination of physical, chemical, and biological 
characteristics of streams of oxygen demanding substances, including algal biomass [3,4]. The 
correlation between the oxygen deﬁcit variation with the average photosynthesis rate and the 
average respiration rate was established an empirical equation [5]. The water quality index and 
DO as indicators of the quality of watersheds with the inﬂuence of the climate condition on the 
water quality were investigated by [6,7]. Water quality monitoring is also performed by 
observing fluctuations in DO concentrations within the environment surrounding algae. Changes 
observed are a result of the metabolism and respiration process of algae. El Jay [8] observed the 
effect of aqueous organic substances dissolved in water on algae metabolism.  Green algae 
particularly, can be used as a cost-effective solution for river water quality monitoring.  A major 
advantage of environmental monitoring using algae is the possibility for large populations to be 
produced in a relatively short time period [9].  
This paper presents the development of an electrochemical biosensor to monitor the change of 
DO quantity using amperometric electrodes by observing changes inside the water solution. The 
BioChip-G uses a lab-on-chip approach that performs multi parametric measurements of DO, 
temperature, acidification degree (pH) and impedance as water pollution parameters 
simultaneously to simplify the in situ data collection process of the sample [10].  
In this research, BioChip-G and biosensor module are utilized to detect the DO concentration in 
combination with the algae Chlorella vulgaris as a living bio-transducer for real-time detection.  
Chlorella vulgaris was chosen as a pollutant detector due to its high level of sensitivity [11,12]. 
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Dissolved oxygen is produced in water by the algae when it is exposed to sufficient light to 
support photosynthesis. Photosynthesis was simulated by using an artificial light source in 
accordance with the amount of Photosynthesis Active Radiation at 450nm up to 750nm. Results 
show Biochip G response to DO level and can use to detect an altering of DO level produced 
from photosynthesis process of algae Chlorella vulgaris [13]. 
 
II. LITERATURE REVIEW 
 
a. Amperometric Electro-Chemical Biosensor 
The dissolved oxygen measurement is carried out using amperometric electro-chemical sensor, 
which is consists of three electrodes, an auxiliary electrode (AE), a reference electrode (RE), and 
a working electrode (WE) [14]. The auxiliary electrode is the source of the current, the reference 
electrode is the electrode for keeping the constant potential between RE and WE, and working 
electrode is the electrode where the current leaves the sensor to be measured. The electrode 
works with the oxygen-electrode-based sensor. In this type, the WE potential should be brought 
between 600 mV to 900 mV below the RE potential in order to make the sensor sensitive to 
oxygen concentration [15]. The current then measured using a trans-impedance circuit on WE 
output. The trans-impedance circuit is quite simple and commonly used in the low current 
measurement. It has several advantages such as simplicity and very sensitive to small current 
when using high resistor value on the feedback [16, 17]. In the other hand, it also has 
disadvantages; it produces some noises caused by the EMI at the WE due to its virtual Ground 
(GND) connection, the circuit only work with bipolar power supply [18], and op-amp bias 
current may influence the measurement result. In this experiment we eliminated these problems 
by using a low bias current op-amp, adding Butterworth filter to reduce the noises, and 
implementing the voltage reference at the trans-impedance circuit to bring the output above the 
ground potential. 
Oxygen concentration in the solution influences the conductivity. By keeping the potential at WE 
constant, the conductivity of the solution adjusts the current that flowing in the solution. The 
current is then sensed using a feedback resistor in the trans-impedance amplifier. This method 
can measures the current down to several pA. Therefore, it is suitable for dissolved oxygen 
measurement because its measurement range is around 1 nA. As a source, an op-amp driver is 
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used and it buffers the constant potential for RE and sources the current for the AE. The driver is 
a simple voltage follower op-amp which its input is controlled by a voltage from a high 
impedance voltage source. The schematic of the driver is shown in Figure 1. 
 
Figure 1.  The amperometric driver circuit for biosensor 
From figure 1 can be seen that the RE potential is always the same with the Uin input. This is due 
to RE connected to inverting input as a feedback to control AE current. There are two solution 
with different conductivity, so that the RE voltage is changing. To compensate this change to Uin, 
then the op-amp changes it output current until the RE voltage the same with Uin voltage. The 
current difference is read as a representation of the conductivity of the solution. 
The resulted current is then converted to a voltage. Because the current is very small , the current 
converter without loading effect is needed. The appropriate converter is a trans-impedance 
circuit, because this circuit has an input impedance up to 1  The trans-impedance amplifier is 
shown in Figure 2. From Figure 2 can be seen that the input current is loaded with the input 
impedance of the op-amp between non-inverting and inverting input. By choosing an op-amp 
with very high input impedance up to 1  the loading effect can be minimized and the input 
current is not distorted. 
 
Figure 2.  Trans-impedance circuit 
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At the trans-impedance circuit, the current is converted to a voltage output by the feedback 
resistor. The output voltage is determined after equation (1). 
  2RIUU inrefout   (1) 
Iin is the current from WE, and R2 is the feedback resistor as shown in Figure 2. As the reference 
voltage, the ground (GND) level is usually used if the power supply is a bipolar, and the output 
voltage is also bipolar. In this experiment the reference voltage is set to a voltage above GND, 
thus, the output voltage is unipolar and the need of bipolar power supply is eliminated. 
The use of large value resistor on the trans-impedance circuit produces noise caused by thermal 
[19]. The noise due to high impedance of the solutions is also exhibited in the measurement. 
Therefore, a second order Butterworth filter is implemented to reduce these noises. The filter pole 
is set at 1 kHz and the gain is unity. The circuit diagram is shown in Figure 3. 
 
Figure 3.  Butterworth low pass filter. 
Butterworth filter's pole is set to a low frequency to eliminate the noises, but still accommodates 
the acquisition rate to allow the oxygen changes rate in the solution. The pole is determined by 
equation (2)  
    32121 ||21 CCCRRfo    (2) 
f0 is the pole frequency, R1, R2, C1, C2, and C3 are the resistors and capacitors as shown in the 
circuit. 
b. Electronics Design 
Because the system is intended to measure a very low current which is around 1 pA to 1 A [20], 
the op-amp selection is very substantial. This op-amp must has very low offset current, otherwise 
the current branch exists and current measurement resulting some errors. In this measurement, an 
op-amp TLC 2272 is used. It has the offset current about 1 pA. The other advantage of using this 
op-amp is its rail to rail signal ability. This feature of op-amp ensures the use of the electronics 
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circuit with a single supply voltage. The input voltage of the buffer circuit is converted from a 
digital data by DAC and set by the user on the software in the PC. The DAC is a 12-bit with 4095 
mV range, therefore with this DAC it can be generated the source voltage with 1 mV resolution. 
The trans-impedance circuit converts the current from the WE into voltage by the feedback 
resistor. The resistor value is around 10 Mor even more, it is intended to yield the output 
voltage in the volt range from several nA input current. Like the buffer circuit, the trans-
impedance circuit is critical to offset current. Therefore, the LTC 2272 is also used. Since the 
power supply is a single supply, the output of the op-amp could not reach below zero. 
Consequently, the reference voltage for the trans-impedance circuit is set to 2 V to bring the 
output above zero. Another DAC is then used for this task as the reference.  
Because the current for the amperometric measurement is ranging from 1pA to 1uA, the R2 is set 
from 1 M to 1 T to provide 1V maximum voltage at the output [20]In our experiment, the 
feedback resistor of 10 M is used, so that the measurement circuit is able to measure the current 
up to 100 nA with 0.1 nA resolution for 1V full output voltage range. The source voltage on RE is 
set at 0.7 V by user through software. This reference is constant during measurement. Any 
changes on the dissolved oxygen concentration in the solutions sample will change the flowing 
current.  
The output voltage from the filter is then read by the 12-bit ADC ADC7822 with 4095 mV full-
range. The data is sent directly to the PC through a microcontroller. Since the measurement 
process is always in real-time, all the processes are controlled by the PC. The data processing is 
done in the PC and the microcontroller just control the data acquisition process through the 
MUX, DAC and ADC. 
 
 
Figure 4. Diagram block of the measurement system. 
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The measurement process was controlled by the user interface program in the PC. Through the 
program the user can initiate the measurement, set the time interval, set the reference voltage, and 
save the data into a file. The program is a Graphical User Interface (GUI) which is made using 
Visual Studio software. The communication between program and the hardware was built with 
the RS-232 protocol with 115200 bps baudrate. The microcontroller program is written in C 
language. 
When the program started, it reads parameters from the user. The time interval parameter range 
that allowed is 1 s to 10000 s and the reference voltage parameter range is from -2V to 2V with 1 
mV resolution. In this dissolved oxygen measurement the reference voltage of -700 mV is used. 
The complete system diagram is shown in Figure 4.  
The microcontroller used is an Arduino Uno module which is built with the Atmega328P 
microcontroller. The Atmega328P is an 8-bit microcontroller with 32 Kbytes flash memory, 1 
Kbytes EEPROM, and 2 Kbytes SRAM. The module itself has 14 digital input/output pins, 6 
analog inputs, a 16 MHz quartz crystal, a USB connection, a power jack, an ICSP header and a 
reset button. 
c. Software Design 
The software of the system consists of the software for the microcontroller and the user interface 
on the PC. The software for the microcontroller make the measurement processes i.e. converting 
digital to analog and vice versa. While the user interface software controls the measurement 
process and interfaces the user and the system i.e. receiving the input from user and displaying 
the data result for the user.  
The microcontroller software receives the command from the software from the PC. It receives 
the command and Uin, Uref, parameter data for every acquisition. Ones the command received, the 
microcontroller does the acquisition by providing the Uin data for the DAC1 and Uref data for 
DAC2. After waiting for some delay times, the output voltage is read by the ADC and 
microcontroller. The data is then sent to the interface software in the PC. This processes are 
repeated for continuous looping and terminated after stop button is clicked. The delay between 
measurements is determined by the interface software, and set by the user prior the operation. 
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Figure 5.  The software flowchart of microcontroller (a) and interface program (b). 
Figure 5 shows the software flowchart for the microcontroller and interface program. It is seen 
the microcontroller is passive since it is working based on the command from the interface 
program. The interface program take the control for all the processes. 
 
III. CONSTRUCTION OF LAB-ON-CHIP BIOSENSOR 
 
a. Biochip G and Adapter Module 
The main components of the biosensor are the Biochip G and adapter module for biochip 
electrode holder. Biochip G used in this research was purchased from cellasys GmbH 
(www.cellasys.de) and is designed to be used for multi parametric measurement of cellular 
vitality and bio impedance. Biochip G biosensor is produced on the glass substrate with diameter 
about ± 10.5mm. Figure 1 shows the biochip, adapter module and also their respectively technical 
specification. 
962
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 10, NO. 4, DECEMBER 2017 
 
(a) 
 
(b) 
Figure 6. Biochip G for DO measurement (a), mini adapter for biochip holder (b) 
(www.cellasys.de). 
Table 1 describe the parameter of the biosensor used for water pollutant monitoring. 
Table 1. Biochip G technical specification 
Parameter   
Dimensions : 33,8 x 24,0 x 0,5 mm³ 
Optical properties    : Glass   
Operating temp. : 0 °C to +80 °C 
DO electrode size : ~ 3 mm² 
Linear range : 0 to 120 %DO 
Sensitivity : 1 nA/pDO +/- 10 % 
The biochip consist of two metal oxide (MeOx) electrodes used as potentiometric  sensors for pH 
level, an amperometric  sensor electrode as DO sensor, a Pt1000 electrode as temperature sensor 
and two interdigitated electrode structure (IDES) used for impedance sensor, performed lab-on-
chip measurement. The electrodes work simultaneously providing live reading corresponding to 
each parameter. Sensitivity of the biochip G can be determined by performing a calibration test 
with PBS solution.  
The sensor electrode is mounted on the stand adapter which has a transparent head with inlet and 
outlet port to the fluidic system, a mini measuring tube of 10 mm diameter, height 5 mm and a 
volume of test solution 350µL. The transparent head enable an artificial light system to stimulate 
the photosynthesize process inside the mini tube.  Electrodes are then connected with a 
connection adapter to signal sensor processing circuit. 
b. Electronic Module and Data Acquisition 
The system is composed of hardware  and software the hardware consists  of  several  Op-Amps,  
DAC,  ADC,  and  microcontroller,  where  the  software  comprises  of Graphical  User Interface  
(GUI)  on the PC and microcontroller  program. Another important additions in the system are 
the use of very low bias current Op-Amps and a voltage reference for trans-impedance circuit, 
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and Butterworth filter to eliminate the noises. Figure 7 shows a picture of the completed circuit 
board of the biosensor system installed in a casing for portability. 
 
 
(a) (b) 
Figure 7. (a) Main component of pO2 biosensor module, (b) front side 
 
The 12bit data acquisitions are performed using a USB serial communication port on the rear 
module box. The measurement was controlled using a user friendly, standalone and executable 
program "biosensor.exe" created in Visual C ++ v6. Data retrieval time can be set from 1s up to 
10
4
s which are then displayed on the screen and saved in Excel format, while the reference 
voltage for the electrode REF can be set at ± 2V. The electronic circuit module for biochip G is 
powered via the USB port so it requires no external power supply. 
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c. Measurement Set Up 
Experiments were conducted using the customized and self-designed experimental platform for 
Biochip-G as shown in Figure 8 below. The sensor holder is covered with a transparent fluid 
head enabling artificial light to illuminate the algae layer and cause it to undergo photosynthesis. 
 
Figure 8. Cross section of biochip G and fluidic connection for measurements process. 
The green algae cells is immobilized into the BioChip tube and the cells are in a closed 
compartment. A fluidic system is connected to the fluid insert and run in a stop and go mode for 
feeding the cell with the nutrient. In case the cells are in suspension there is the danger that the 
cells are flushed away during the pump cycle. That is why an improved method for 
immobilization of the cells is needed. Proof of principle experiments showed that environmental 
monitoring with the system is possible [10]. Another aspect is the storage of the BioChips with 
the living cells. To keep the algae (Chlorella vulgaris) alive a cell culture is needed all the time. 
If it is possible to dry the cells on the BioChip the shelf-live can be improved drastically. This is 
e.g. possible when using yeast (Saccharomyces cerevisiae). Proof of principle using yeast was 
already shown by [10]. Due to the double cellular membrane yeast cells can be dried and 
reawaken when needed. Furthermore the ability of the yeast to detect environmental toxins will 
be evaluated and compared to the properties of algae. 
d. Test Organism 
Chlorella vulgaris is used as the biological transducer in this work and it is classified in the 
family Chlorellaceae. It undergoes photosynthesis to produce a low level of DO. Fig 3 shows 
Chlorella vulgaris cells with diameter about 2.5µ m up to 3µ m. Species of Chlorella are well 
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known as biomonitoring organisms due to its sensitivity to contaminations and its efficient 
uptake mechanism.   
 
Figure 9. Algae Chlorella vulgaris used for water quality monitoring [21]. 
 Microalga cultures of the green algae Chlorella vulgaris were obtained from Prima Alga Culture. 
Cultures were grown in 250 mL Erlenmeyer ﬂasks at room temperature of 25C with a pH of 7.0. 
Algae were fed with Algae Culture Broth (ACB) medium (Sigma Aldrich code: 17124 Fluka) 
prepared by dissolving ACB powder of 1.87gr in 1 liter distilled water and shaking at speed of 
150 rpm for 15 min. The medium was then sterilized by autoclaving at 121C for 15 minutes. 
Prepared medium had a measured pH value of 7.0 and was stored at 25C prior to 
experimentation.  
Algae grown in Erlenmeyer flask were given lighting to obtain energy for photosynthesis 
behavior. A combination of white fluorescent light (a pair of Osram Dulux S 11W / 840 with 
rated luminous flux of 900 lm Cool White, Munich, Germany) was used for artificial illumination 
with light and dark period of 12/12h to simulate the natural light. An increase in DO was 
expected due to photosynthetic processes in the algae. 
e. Measurement Method 
Biochip Characterization and Signal Test Prior Experiment 
The dummy test aims to perform the output of the analog circuit Biosensor module. In this test, a 
Dummy Chip is used to replace the actual biochip G and the chip is used as a simulation of the 
standard test solution which is proportional to the potential output. Subsequent biosensor testing 
was performed to ensure that the measured DO dissolved oxygen was the result of photosynthesis 
of Chlorella vulgaris green algae. Therefore, in this experiment, biochips were installed without a 
standard test solution. 
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Experiment Biochip-G Sensor with Oxygen Drink 
Sensor response to the DO level inside the biochip tube was observed using two conditions, 
sensor empty and with test solution. For this purpose, drinking water (DW) and commercial 
oxygen drink available in the market from Oxygen Drink Refreshment (Super O2) of O2 Active 
Adelholzener Alpenquellen GmbH (www.activeO2.de) with the oxygen concentration of 0.004% 
was used. Various solutions were prepared for the experiment; (i) ordinary drink water, (ii) Super 
O2 diluted with drink water with a ratio of 50:50, and (iii) a solution of Super O2. During this 
experiment, artificial lighting is turned off.  
DO Detection of Algae Photosynthesis Process 
Increases in DO production by algae Chlorella vulgaris due to photosynthesis was evaluated by 
varying the illumination period on the biochip-G. Prior the experiment, biochip G was sterilized 
with distilled water, rinsed for 5minutes and dried at room air temperature of 25C for 20 
minutes. Measurements were carried out by immobilizing 50µL Chlorella vulgaris onto biochips 
using sterile plastic syringes. Colonies Chlorella vulgaris were found to contain around 5.74105 
cell/ml and were then manually mixed with 300µL of nutrient broth (Sigma Aldrich 17124). The 
alga set up process is showed in Fig 4. 
At the fluidic head, a white fluorescent lamp (Osram Dulux S 11W/840 with rated luminous flux 
of 900lm Cool White) was used for artificial illumination at distance of 10 cm from biochip G. 
Assuming a lamp length of 23.5 cm, the amount of flux on the fluidic head is 38 lumens or 
(6047mcd). Experimental light conditions were tested where lights were cycled ON/OFF for 
every 20 minutes (1200 seconds). During the measurement, temperature of the cells was kept 
constant at 25C. For analysis, changing in DO rate is represent the amount of flowing electrical 
current and is then converted into an electrical potential detected by biochip. 
Water Pollution Monitoring 
First pollution monitoring experiment was performed by disturbing the algae DO production 
using premixed Crude Palm Oil (CPO) solution adding to the biosensor fluidic system. Changes 
in vitality of algae due to the CPO will be measured through the oxygen sensor located in the 
biochip. The cellular respiration of Chlorella vulgaris was monitored for about 4 hours with alga 
culture broth medium. Then 0,5mL of CPO in an emulsion solution was added to the alga culture 
broth medium for approximately 40 minutes, followed by a recovery period with alga culture 
broth medium.  
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Alteration of the dissolved oxygen levels generated by algae are also observed by adding the 
pesticide solutions into algal environments such as d-Phenothrin, which is a pyrethroid 
insecticide and also known as phenothrin and/or sumithrin. Pyrethroids are synthetic compounds 
made to mimic the pyrethrins that are isolated from chrysanthemum flowers. d-Phenothrin is a 
broad-spectrum insecticide that works by interfering with a nerve cell's ability to send a normal 
signal by jamming open tiny gates on the cell that need to open and close rapidly to carry the 
message. d-Phenothrin can be found in a wide variety of products used in commercial and 
industrial settings, medical institutions, and other settings including aircraft, railroad cars, ships, 
trailers, homes, animal kennels, gardens, greenhouses, and pet products. 
 
IV. RESULT AND DISCUSSION 
 
Figure 10 show the experimental results where the chipless condition gives a potential of 1,9951 
volts, after installed dummy on the biochip adapter, the potential sink to 1.8397 volts corresponds 
to the cellasys standard. 
 
Figure 10. Dummy test experiment on the biochip adapter  
Figure 11 shows an experiment using a Glass Chip Sensor called Biochip G as a measuring 
electrode. To determine the initial condition of Biochip, the biochip measurements was 
conducted without lighting, then performed artificial light at certain time interval between 10 
minutes to 30 minutes.  
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As shown in Figure 11, the initial condition gives a potential result of an average of 1.996 volts 
and after ON-OFF light illumination, the curve is remain constant. This mean that the artificial 
light is not the cause of the fluctuation of the output potential. It is expected that the DO 
concentration to be measured resulting from the process of photosynthesis of algae. 
Figure 12 shows the output voltage profile of the oxygen sensor supplied with three different 
solutions, drink water (DW), Super O2 with 50% concentration and Super O2 100% 
concentration. At the beginning of the measurement, the circuit was loaded only by Biochip G 
and the data indicated the presence of noise and instability due to the noise arising from the 
biochip G and the connecting cable between the biochip adapter and the computer. At this time 
there was no sample solution inside the biochip. The magnitude of the basal measured voltage 
was 1.994mV ± 0.1%. 
 
Figure 11. Experiment to determine initial condition biochip using artificial light 
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Figure 12. Biochip G response to the three different oxygenated water. 
The drinking water and oxygenated water Super O2 were injected into a Biochip G tube, a 
shifting of the output voltage was observed. An increasing in DO concentration is implied by the 
potential fluctuation towards a local minimum. Drinking water, Super O2 50% and Super O2 
have minimum potential 1.871 mV, 1.924 mV and 1.750 mV, respectively. This change is due to 
presence of ion rate oxygen in the water which is characterized by relatively small changes due to 
the contribution of oxygen to very small changes in solution conductivity. Dissolved oxygen 
level in normal drinking water is apparently much greater than the Super O2 with 50% 
concentration.  
The amount of DO in the test solution reduced after 6 minute indicated with an increasing in the 
measured output potential. This is due to DO on the chip being reduced through currents flows of 
the sensor electrode. When the potential of noble metal electrodes such as platinum are brought 
600mV up to 800mV below a reference electrode, such as Ag/AgCl, the DO in the solution will 
be reduced at the surface of the electrode. When a negative voltage is applied to the metal 
electrode (called the cathode) increases, current will increase at the beginning but soon became 
saturated. The reaction product tends to produce alkalinity in the medium together with a small 
amount of hydrogen peroxide. 
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Figure 13. Ion concentration changes resulted from photosynthesis mechanism of algae 
Chlorella vulgaris. 
Light and dark phases of illumination were set for 20 minute cycle, as shown in Figure 13. At the 
beginning of the experiment, the signal was unstable due to ion rate stability in the biochip 
chamber. After 2h, a decrease in oxygen rate was observed on biochip-G during the LED OFF 
phase. As the illumination was toggled off, a stark reduction in oxygen was detected, seen as a 
large spike in the voltage during the LED OFF cycle. The signal had a measured potential of 
1898mV corresponding to reduction of DO rate around the algae. A decrease of DO rate due the 
algae behavior by means internal chemical metabolism process and consuming alga medium 
which supplied into biochip. For the next cycles the illumination status LED ON shows an 
increasing of DO near the algae environment proportional to the electrical potential inversely. 
Algal photosynthesis produces excess oxygen in the medium around the sensors resulting in a 
reduction in the measured voltage. During the measurement procedure, the light in the fluidic 
head was kept on, providing a light source to support algal photosynthesis. The sensor signal has 
a measured potential of 1831 mV. 
This process is repetitive until a circumstance in which nutrients are given no longer sufficient to 
feed the algae colonies. This research shows that the biochip sensor G is able to detect changes in 
ion rate solution in the form DO resulting from photosynthesis process algae Chlorella vulgaris. 
Negative impact of pollutants on environmental around the algae can be detected from 
fluctuations of resulted ions rate using biosensor based on BioChip-G. Based on the above facts, 
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biochip sensors G can be applied to detect pollutants in water using algae Chlorella vulgaris as 
bioreceptor. 
 
 
Figure 14. Influence of CPO pollution (+0.5mL) on photosynthetic activity of algae 
Figure 14 shows the addition of CPO solution to the algae ecosystem in the biochip. When the 
CPO emulsion is present in solution, photosynthetic oxygen production rate increases. Upon 
addition of the CPO medium, air bubbles formed in the tubing and were transported onto the chip 
causing signal instability. Subsequently, at the end of CPO exposure signals of the biochip 
returned to basal levels indicating that the algae are not permanently damaged by the CPO at this 
concentration. Oscillations seen in signal are caused primarily by air bubbles introduced to the 
chip by the emulsion. 
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Figure 15. Effect of adding d-phenotrin solution on DO production 
The addition of d-phenotrin on Biochip-G is accomplished under LED ON conditions to support 
the process of algae photosynthesis. Figure 15 show the effect of the addition of d-phenotrin on 
the algae environment and impacts the cell vitality to produce DO by photosynthesis mechanism. 
Algae was tend to be contaminated by pollutants and decrease the DO production pointed by a 
potential rise value and then die after 420 minutes. 
 
V. SUMMARY 
 
Biosensor based on Lab-on-Chip concept has been developed successfully and tested at different 
condition. Water quality monitoring using biosensors based on BioChip-G with alga Chlorella 
vulgaris as bioreceptor give readings of water pollution parameters such as dissolved oxygen. 
Oxygen production by algae photosynthesis can be detected using artificial light simulation 
experiments.  Initially, the data signal remained unstable due to instability after immobilization 
process. As the illumination was cycled off, a reduction in DO as detected corresponding to 
decreasing of DO production by the metabolic processes of the algae.   For the status LED ON 
shows an increasing of oxygen rate near the algae environment proportional to the electrical 
potential inversely. 
 
ACKNOWLEDGEMENTS 
973
L. Umar, R.N. Setiadi, Y. Hamzah, T.M. Linda, AN ARDUINO UNO BASED BIOSENSOR FOR WATER 
POLLUTION MONITORING USING IMMOBILISED ALGAE CHLORELLA VULGARIS 
The author would like to thank to the Ministry for Research, Technology and Higher Education, 
Republic of Indonesia on Projects International Research Collaboration and Scientific 
Publication. The publication of this paper is supported by the DAAD with funds from the Federal 
Foreign Office (AA). 
 
REFERENCES 
 
[1] H. Yueshun, Z. Wei, The Research On Wireless Sensor Network For Landslide 
Monitoring, International Journal on Smart Sensing And Intelligent Systems, Vol. 6, No. 3, 
June 2013.  
[2] C.J. Chen, J.A Chen and Y.M Huang, Intelligent Environmental Sensing With an 
Unmanned Aerial System in a Wireless Sensor Network, International Journal on Smart 
Sensing And Intelligent Systems, Vol.10, No.3, September 2017.  
[3] P.J. Mullholand, J.N. Houser and O.K. Maloney,  Stream diurnal dissolved oxygen profiles 
as indicators of in-stream metabolism and disturbance effects: Fort Benning as a case study, 
Ecological Indicators 5(3), pp. 243-252, August 2005. 
[4] W. Yang; X. Wei; S. Choi, A Dual-Channel, Interference-Free, Bacteria-Based Biosensor 
for Highly Sensitive Water Quality Monitoring, IEEE Journals & Magazines, Volume: 16, 
Issue: 24, Pages: 8672 – 8677, Year: 2016. 
[5] R.J. Williams, C. White, M.L. Harrow and  C. Neal,  Temporal and small-scale spatial 
variations of dissolved oxygen in the Rivers Thames, Pang and Kennet, UK., Science of the 
Total Environment, pp. 251-252: pp. 497-510, May 2000. 
[6] E. Sanchez, M.F. Colmenarejo, J. Vicente, A. Rubio, M.G. Garcia, L. Travieso and R. 
Borja, Use of the water quality index and dissolved oxygen deﬁcit as simple indicators of 
watersheds pollution, Ecological Indicators 7, pp. 315–328, 2007.   
[7] T. Mitsunaka; D. Sato; N. Ashida; A. Saito; K. Iizuka; T. Suzuki; Y. Ogawa; M. Fujishima, 
CMOS Biosensor IC Focusing on Dielectric Relaxations of Biological Water With 120 and 
60 GHz Oscillator Arrays, IEEE Journal of Solid-State Circuits, Volume: 51, Issue: 11, 
Pages: 2534 – 2544, 2016. 
[8] A. El Jay, Effects of organic solvents and solvent-atrazine interactions on two algae, 
Chlorella vulgaris and Selenastrum capricornutum, Archives of Environmental 
Contamination and Toxicology 31 (1), pp. 84–90, 1996. 
[9] U. Lazuardi, F.A. Alexander and J. Wiest, Application of Algae-Biosensor for 
Environmental Monitoring, Proc. 37th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC) Milan, pp. 7099-7102, 2015. 
[10] J. Wiest, T. Stadthagen, M. Schmidhuber, M. Brischwein, J. Ressler, U. Raeder, H. Grothe, 
A. Melzer and B. Wolf, Intelligent Mobile Lab for Metabolics in Environmental 
Monitoring, Journal Analytical Letters, Volume 39 - Issue 8, pp. 1759-1771, 2006. 
[11] T. Stadthagen, Enwicklung eines online Gewässermonitorings-systems mittles 
Biosensorchips zum Nachweis ausgewählter Xenobiotika, Dissertation at TU Muenchen 
Germany, 2007. 
[12] F. Sekli Belaidi; A. Tsopela; L. Salvagnac; V. Ventalon; E. Bedel-Pereira; V. Bardinal; I. 
Séguy; P. Temple-Boyer; P. Juneau; R. Izquierdo; J. Launay, Lab-on-chip with microalgal 
974
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 10, NO. 4, DECEMBER 2017 
based biosensor for water assessment, 2016 IEEE Nanotechnology Materials and Devices 
Conference (NMDC). 
[13] U. Lazuardi, R.N. Setiadi, H. Yanuar, M.L. Tetty, Biosensor based on biochip-G for 
dissolved  oxygen detection from photosynthesis  process of green algae Chlorella vulgaris, 
ICON-SONICS 2017. 
[14] M.M. Ahmadi, G.A. Jullien, ―Current-Mirror-Based Potentiostats for Three-Electrode 
Amperometric Electrochemical Sensors,‖ IEEE Trans.  on Circuits and Systems—I: 
Regular Papers, Vol. 56, No. 7 pp. 1339-1348,  July 2009. 
[15] E. Wilkins and P. Atanosov, ―Glucose monitoring: State of the art and future possibilities,‖ 
Med. Eng. Phys., vol. 18, no. 4, pp. 273–288, Jun. 1996. 
[16] L. Busoni, M. Carla, L. Lanzi, ―A comparison between potentiostatic circuits with 
grounded work or auxiliary electrode,‖ Rev. Sci. Instrum., vol. 73, no. 4, pp. 1921–1923, 
2002.  
[17] R. Doelling, ―Potentiostats,‖ in Bank Elektronik Application Note, 2nd ed. Clausthal-
Zellerfeld, Germany: Bank Elektroni–Intelligent Controls GmbH, Mar. 2000. 
[18] R. Greef, ―Instruments for use in electrode process research,‖ J. Phys. E, Sci. Instrum., vol. 
11, no. 1, pp. 1–12, Jan. 1978. 
[19] W. Marshall Leach, Fundamentals of Low-Noise Analog Circuit Design, PROCEEDINGS 
OF THE IEEE. VOL. 82, NO. IO. OCTOBER 1994  
[20] E.R-Villegas, A Low-Power Wide-Range I-V Converter for Amperometric Sensing 
Applications, IEEE TRANSACTIONS ON BIOMEDICAL CIRCUITS AND SYSTEMS, 
VOL. 3, NO. 6, DECEMBER 2009. 
[21] http://ccala.butbn.cas.cz/en/chlorella-vulgaris-beijerinck-9. 
 
975
